It was confirmed that the immune adherence hemagglutination (IAHA) test might be useful for the measurement of antigens and antibodies of some animal viruses. A suitable procedure of IAHA for the titration of animal virus and corresponding antibody was determined. No positive reaction of IAHA could be seen with any kind of primate erythrocytes except for human erythrocytes, and the guinea pig complement was proved to be the only source of complement suited for the positive IAHA reaction of animal virus and antibody.
INTRODUCTION
A phenomenon of immune adherence (IA) has been investigated systematically by Nelson and his colleagues (Nelson, 1963) , as a sort of complement (C')-concerning reaction. Immune adherence hemagglutination (IAHA) test is a new sensitive technique for the measurement of antigen, antibody and C', as revealed by the specific hemagglutination of human erythrocytes (usually type O), resulting from conjugation with antigen-antibody-C' mixtures. Recently, Nishioka and others applied this new method to the measurement and analysis of C', and they substantiated that it was remarkably more sensitive (about 100 fold or more) than the usual complement-fixing (CF) test and that only 4 components, out of 9 subfractions of C', i, e., C'1, C'4, C'2 and C'3c, were necessary for the manifestation of IAHA (Nishioka, 1963; Nishioka and Linscott, 1963) . No reliable data has yet been reported as far as its application to animal virus research is concerned, although several studies on the basic phenomenon of IAHA and its application to complementology have been carried out. Recently Fulton (1965) published a brief report on the application of the immune adherence to tissue culture to detect propagation of non-cytopathic virus. As it is supposed to be a useful technique for virological research, the present authors carried out some preliminary experiments on IAHA with several kinds of animal viruses, and the possible utility of IAHA test was generally confirmed as a novel sensitive technique in the measurement of viral antigens and antibodies. As regards the application of .IAHA to animal virus works several fundamental problems(the optimal species and concentration of erythrocytes and C', composition of diluent, reaction procedures, etc. ) were examined, and a provisional IAHA method for animal viruses was standardized. The results showed this new method to be 10 to 100 times as sensitive as the CF test, indicating it as an excellent technique for the titration of viral antigens and antibodies. 3) or 4) is 4 times or more sensitive than 1). Complement for IAHA C' activity of various sera was measured with EA complexes by means of IAHA. The measurable titer of each C' was much higher in IAHA than that indicated by hemolysis in the ordinary CF test. As shown in Table 4 , guinea pig C' titer determined by IAHA was about 1 : 2,000-16,000 in contrast to C' titer of 1 : 200-300 obtained by the ordinary immune hemolysis method. Fresh human, monkey, rabbit and hamster sera had similar high C' activity in the range of one to several thousands (1 : 4,000-8,000) in terms of IAHA titer. Rabbit and hamster sera were rather variable ; one of the two materials tested showed a remarkably low C' activity. Thus, almost all of the measured sera were revealed to have high IAHA. reactivity of C', when C' titer was determined by the use of EA as an antigen-antibody complex.
On the other hand IAHA of animal virus and antibody was positive only with guinea pig C', but not with C' of other species, including human, monkey, rabbit and hamster sera, the reason remaining unknown (Tables 5 and 6 ). When measured by 8 units of viral antigen-antibody complexes, C' titer of guinea pig serum was significantly lower (1/4-1/8) than that obtained by EA complex (Table 6 ).
The next ploblem on C' was what dilution of it was most adequate for the practical Vol. 19 IAHA measurement of animal virus materials . The results of one of the representative experiments are shown in Table 7 . It was shown that the optimal concentration of guinea pig C' was at the dilution of about 1 : 200 (1 : 100-400) of an original fresh serum. The use of this concentration of C' seems to be reasonable , since it is equivalent to 4-8 units of C' titer which was measured by animal virus -antibody complexes (SV40 or herpes simplex). The data also indicated the optimal shaking time at 37 C as 15 minutes .
IAHA Titers of Animal Virus Antigens and Antibodies 1. Box titration of animal viruses compared with CF test: Several kinds of animal virus, which included herpes simplex virus , SV40, adenovirus and enterovirus groups, were selected and box titration was carried out by the IAHA technique . The results of some typical experiments are shown in Figs . 2-6 . The positive zone of CF reaction shown by full lines (herpes simplex , Fig. 2 ) was given by a simultaneous titration with the identical dilutions of reagents as those employed in the IAHA test . In the other instances (Figs. 3-6 ) , CF zones shown by broken lines were given from the titer of each antigen and antibody , that was determined by CF tests carried out on separate occasions. It is clear that the IAHA-positive zone was remarkably larger than that of CF reaction in each case . That means IAHA titration with animal virus materials was always much more sensitive than the usual CF test . From these results of box titration it may be IMMUNE ADHERENCE HEMAGGLUTINATION TEST Table 3 Table 5 ) ** Guinea pig C' was used . reaction.
2. Specificity o f IAHA reaction ; From the practical application of IAHA the immunological specificity of the reaction is of primary requisite. The specific reactivity of IAHA test was examined with herpes simplex virus and SV40, as shown in Table 8 . Negative IAHA with heat-inactivated C', or in Mg++, Ca-deficient diluent (EDTA-GVB), indicated that C' is an indispensable factor for IAHA reaction. Antigen : SV40-GM-8 precipitate (sonic) Antibody : Anti-SV40/Green monkey (Gl-f) CF pattern surrounded by brocken line was drawn by each CF titer of the antigen and the antibody which was got from the independent titration. cerned.
These data are compatible with the conception that IAHA observed in viral systems is a C'-requiring, specific immunological reaction.
Practical Application of IAHA Test to Some Virological Works 1. Growth curves of SV40 in primary green monkey kidney (GMK) cell cultures.
Primary GMK cell cultures were infected with SV40 at an input multiplicity of about Uchida, Watanabe and Kato (1966) .Anti-SV40
hyperimmune African green monkey serum (G1-f) was also supplied by Dr. S. Uchida, whom the authors wish to extend their thanks. Since these cultures including non-infected cell control showed a considerable CPE characteristic of that by foamy virus, this antigen was considered suitable as a model to check non-specific reactivity of a viral antigen of monkey kidney culture origin. Human sera : To examine the applicability of this technique to serodiagnosis of viral diseases, IAHA titers of herpes simplex antibody were measured with human sera. The distribution of anti-HSV antibody in terms of IAHA titer is shown in Fig. 8 , although only a small number of materials were available in this work. The sensitivity of IAHA procedure using human E suspension in SGVB++ (No. 3 procedure) and EDTA-GVB (No. 1 procedure in Fig. 1 ) diluent was compared with 7 positive specimens out of 12 healthy adults' sera examined.
When the modified IAHA procedure using SGVB++ for human E (No. 3 in Fig. 1) was employed, the titer of 6 specimens was 2 fold higher than that given by the original procedure (No. 1 EDTA-GVB).
With the remaining one serum nonspecific hemagglutination took place by the former procedure up to the dilution of 1 : 640 in the serum control, the reason for which remains unknown. The data seem to indicate that the IAHA method might be applicable to viral antibody estimation of human sera, although the existance of a factor (s) responsible for nonspecific hemagglutination in a few sera remains to be elucidated.
Cyaomolgus monkey sera (correlation between IAHA-and CF-antibody titers) : HSV-antibody in healthy cynomolgus monkeys was measured by both IAHA and CF methods, and the results obtained are shown in Fig. 9 . The present experiment was designed to know the distribution of HSV antibody in cynomolgus monkeys used in our laboratory, and also to elucidate whether or not IAHA-antibody is correlated with CFantibody in the individual materials. Occasionally some sera showed nonspecific hemagglutination at lower dilutions of the serum control. This non-specific hemagglutinating factor (s) could be eliminated by one or two adsorption (s) of the serum at 37 C for 1 hour with the same batch of human type 0 erythrocytes as used in the IAHA reaction. IMMUNE ADHERENCE HEMAGGLUTINATION TEST Fig. 8 . Distribution of HSV-antibody in human sera.
It was revealed that 11 out of 32 monkey sera examined had neither detectable IAHAnor CF-antibody against HSV, 15 sera were positive by both methods , 6 sera had only CF-antibody and one specimen showed only IAHA antibody . The highest IAHA titers against HSV virus obtained with cynomolgus monkey sera were from 1 : 1280 to 1 : 2560 , and IAHA titers were as a rule much higher than CF titers with each serum . With many sera (including 3 hyperimmune rabbit antisera against HSV shown as double circles) both IAHA and CF titers seemed to show a significant correlation to each other , being spotted roughly along the full line (Fig. 9) , a hypothetical line based on an assumption that IAHA is 10 times more sensitive than CF. The sera containing only CF-antibody were observed more frequently than those having only IAHA-antibody . Plausible interpretations of this phenomenon might be as follows : i) Considering that the lowest detectable level of antibody in the CF test is 1 : 4 , while that in the IAHA test is 1 : 20, some of the sera with lower antibody might be possitive by CF test, while they might remain negative by IAHA test. The difference in sensitivity of these two methods, however , seems to render this interpretation less tenable.
ii) There might exist certain unknown inhibitor (s) of IAHA reaction in the monkey serum, which make (s) it difficult to detect a low level of antibody .
Negative IAHA with Hemagglutinating Echovirus Types 3 and 19
Viral antigen of various kinds of animal viruses (HSV, herpes B virus, SV40, adenovirus types 3 and 5, poliovirus types 1, 2 and 3 , coxsackievirus types B 5 and A 7, and echovirus types 9, 14 and 25) was successfully measured by the IAHA test, and the results are summarized in Tables 9 and 10 . A few types of echovirus (echovirus types 3 and 19), however, did not show any positive results by the IAHA method, as shown in Tables  9, 10 and 11. Echovirus type 3 is known to agglutinate human E at 4 C, but not at 37 C. Echovirus type 19 is also more active in hemagglutination (HA) at 4 C than at 37 C. As a matter of course the IAHA test can not be applied to viruses which agglutinate human E at 37 C. Consequently HA negative mutant of echovirus type 3* was employed, which was obtained by serial passages of the prototype virus in HeLa cell cultures. This mutant also did not show any positive IAHA reaction. Both echovirus type 3 antigen and echovirus type 19 rabbit antiserum were demonstrated to have a kind of inhibitor (s) which was shown by a complete inhibition of positive IAHA by 8 units of antigen-antibody complexes of SV40 or HSV. Negative IAHA in the case of echovirus type 3 seems to be accounted for by the existance of such inhibitor (s) in its antigen, but in the case of echovirus type 19, no positive IAHA reaction was obtained even after the treatment of the antiserum with bentonite which decreased the inhibitor titer of the antiserum from 1 : 64 to less than 1 : 16. Many kinds of sera including rabbit, hamster and others occasionally, as well as some viral antigens although far less frequently, contained some inhibitor (s) which interfered with the specific IAHA reaction. It seems to IMMUNE ADHERENCE HEMAGGLUTINATION TEST animal virus antigens and antibodies. The practical procedures of IAHA reaction were established from several methods tested, and proved to give satisfactory results of IAHA with various animal viruses. However, the present procedure of tube method using the sucrose-gelatin-veronal buffer saline (SGVB++) diluent would not always be the best one, because a micro-method such as the use of microtiter-plates is also desirable to be developed for this IAHA reaction. One important phenomenon observed in the present study was that which seemed to be inconsistent with a conventional concept given by Nelson and his colleagues, i. e. only human erythrocytes were capable of giving rise to the IAHA reaction, but the other primate red blood cells tested, including the rhesus, patas, cynomolgus and African green monkey, never demonstrated any positive IAHA by the specific antigen-antibody-complement complexes. Although the reason to account for this discrepancy is yet unknown, one of responsible factors might be the difference of our IAHA procedure from Nelson's technique ; in the former the results were read by hemagglutinating pattern at the bottom of tubes, while in the latter reading was made by the microscopic observation of adhesion of erythrocytes in the existence of IA reacting mixtures, or by the clearance of the specific antigen or antibody when primate erythrocytes were added to the reagent mixture. Further studies on this discrepancy are considered to be necessary.
Another important finding obtained with the viral IAHA phenomenon is the strict requirement of a particular kind of complement, i. e. guinea pig C', as far as our experiments are concerned. IAHA reaction was always negative when C' of other sources, including human, monkey, rabbit and hamster fresh serum was used in place of guinea pig C' in the reagent mixture of animal viruses, whereas positive IAHA reaction was constantly observed with all kinds of fresh serum examined, provided EA (sensitized sheep red cells) system was used as an antigen-antibody complex. No clue to elucidate this peculiar phenomenon has yet been obtained and further studies are requested.
A possible availability of IAHA method in the field of virology was suggested by satisfactory results obtained with several animal viruses except for a few instances. Especially, antigen titration of SV40, poliovirus and others was proved to be possible by IAHA reaction ; in these cases IAHA titers for both antigen and antibody were much (10 to 100 times or more) higher than usual CF titers.
Agglutinin against human erythrocytes (type O) was observed in some sera, above all more frequently in antisera from animals immunized with viral antigens grown in human cell cultures. In such cases they could not be used for the IAHA test unless they were previously processed by repeated absorption with human E.
The most important shortcoming of IAHA test is that the reaction is occasionally disturbed by unknown inhibitor (s) in various sera at lower dilutions and also, though far less frequently, in antigen preparations. Hemagglutinating (human type O) enteroviruses cannot be used as antigens in this reaction. It might be due to a sort of competition between the HA-positive virus particles and the antigen-antibody-C' complexes for an apparently common receptor (s) on the surface of human erythrocytes. The receptor for hemagglutinating echoviruses is well known to be insensitive to RDE or periodate treatment (Goldfield et al., 1957; Dardaroni & Zaffiro, 1958) and sensitive to enzymatic digestion by papain or chymotrypsin (Philipson, L. & Bengtsson, S., 1962) , and the receptor (s) suggested for IAHA on human erythrocytes is also considered to be protein nature (Nelson, 1963) . From this point of view, it seems interesting that an active inhibitory effect was observed in the preparation of HA-negative mutant of echovirus type 3. Vol. 19 On the other hand, an inhibitory effect which was observed in some sera seems to be much more troublesome for practical IAHA tests than that of viral antigens . So far little is known about the nature of its responsible factors, and no procedure has yet been successfully developed to eliminate these inhibitors. The following trials have been carried out without any promissing results ; ether-extraction, kaoline or bentonite treatment , and a pretreatment with a filtered culture fluid of pseudomonas, although the specified strain of pseudomonas as reported by Schmidt et al. (1964) was not used . Table 12 shows a summarized comparison between the IAHA and CF methods . Even if such a few demerits are found in this novel IAHA method , it might safely be concluded that it is considered as a useful and important technique not only for the study of C' but also for virological researches.
